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化学式发生了 1.6 个Li+的可逆回嵌；在 2.0-4.8V电压区间内，1.2A/g的电流密度
下放电容量高达 89mAh/g。LiMn1.2Ti0.8O4材料的循环性能 为理想，该材料在




































































Compared to the cobalt-based and nickel-based materials, manganese-based 
materials take the advantages of the safety, non-toxic and low cost. Among those 
manganese based materials, spinel LiMn2O4 has attracted great attention and become 
commercialized because of its simple synthesis process and good electrochemical 
performance. Though spinel LiMn2O4 can not only deintercalate one unit of Li per 
formula but also intercalate another unit of Li, which results in high theoretical 
capacity, it is a pity that the cathode could only be applied in a 4 V region because it 
suffers from poor cycling stability when cycled in the 3 or (3 + 4) V range. As the 
capacity of the spinel LiMn2O4 could be doubled and the energy density could be 
increased by 2/3 if the second potential plateau (i.e. 3 V) could be used, tremendous 
efforts have been made to overcome the severe capacity fading during deep discharge, 
such as cation and anion substitutions.  
Because Ti-O bond is more stabilized than Mn-O bond and Ti-source is 
nature-abundant, Ti-substitution was applied in our work to stabilize the frame 
structure of LiMn2O4, which had been proved to realize better cycling performance 
and thermal stability. Series of LiMn2-xTixO4 (0<x≤1) compounds were prepared and 
the cyclability of these materials after deep discharge was firstly reported. Meanwhile, 
spinel LiMnTiO4 synthesized by a modified sol-gel method realized de/intercalation 
of over one unit Li+ per formular, which had not been reported before. The structural 
characteristics, morphology, surface properties and electrochemical performances of 
these materials were studied by various methods and techniques, including structural 
analysis, surface analysis and electrochemical techniques to investigate the effect of 
Ti-substitution for spinel LiMn2O4.  
LiMnTiO4 was prepared by two-step and three-step sol-gel method. Compared 
with two-step sol-gel method, three-step method could give product with high 
electrochemical performance at lower sintering temperature for shorter sintering time 















MnTiO3 precursor and the use of LiOH which has lower melting point. The material 
prepared with the three-step method in the optimized condition delivered an initial 
discharge capacity of 190 mAh/g at the current density of 5 mA/g between 2.0 and 4.8 
V. About 1.2 Li per formula was reversibly exchanged. The capacity retention after 
100 cycles was 82% at the current density of 75 mA/g between 2.0 and 4.8 V. Such 
high capacity retention can be due to partial substitution of Mn with Ti on the 
octahedral sites. 
LiMn2O4 and LiMn1.5Ti0.5O4 were prepared by solid-state method. It turned out 
that the crystal parameter became larger, the capacity decreased, but the cycling 
performance was greatly improved after Ti-substitution. The initial discharge 
capacities were 233mAh/g and 194mAh/g at the current density of 75 mA/g between 
2.0 and 4.8 V for LiMn2O4 and LiMn1.5Ti0.5O4, respectively, while the capacity 
retentions after 48 cycles were 38% and 78% at the same test condition. 
LiMn1.5Ti0.5O4 was also prepared by two-step synthesis method. It was 
demonstrated that the valence of Ti in this compound is +4, while that of Mn is 
between +3 and +4. The capacity of such compound between 2.0 and 4.8 V only 
comes from the oxidation/reduction of Mn ions. After Ti-substitution, partial Mn ions 
and partial Li ions exchanges their original sites, while Ti ions occupy the octahedral 
sites instead of partial Mn ions. It also showed that the capacity fading for the first 
few cycles decreased at higher current densities or higher temperatures, which 
indicated that the capacity fading for the first few cycles was closely related to the 
formation of SEI layer. The electrode after 50 cycles showed that the crystalline 
LiMn1.5Ti0.5O4 was surrounded by an amorphous SEI layer of 7~10 nm. The 
components of the SEM layer were mainly Li2CO3, LiF, manganese and titanium 
compounds. The LiMn1.5Ti0.5O4 sample synthesized by two-step method delivered 
higher capacity and better cyclability than the sample synthesized by solid-state 
method, because the sol-gel process applied in the two-step method helped mix the 
Mn and Ti source more evenly and also inhibited particle coagulation.  
Series of LiMn2-xTixO4 (0≤x≤1) compounds were prepared by two-step sol-gel 
















rate performance. The initial discharge capacity of LiMn1.5Ti0.5O4 was 242 mAh/g at 
the current density of 5mA/g between 2.0 and 4.8V, corresponding to 1.6 Li 
exchanged per formula. 89mAh/g remained at the current density as high as 1.2A/g 
between 2.0 and 4.8 V. LiMn1.2Ti0.8O4 showed the best cyclability. The capacity 
retention of LiMn1.2Ti0.8O4 was as high as 90% after 50 cycles at the current density 
of 75mA/g between 2.0 and 4.8 V at both room temperature (RT) and 55°C. It showed 
that with the increasing amount of Ti substitution, more Mn ions occupy 8a sites 
instead of Li and the crystal parameter becomes larger. As for the electrochemical 
performance, the capacity of the 4V region decreased and structural changes of spinel 
structure after deep discharge was gradually inhibited with more Ti content. The 
decreased capacity can be attributed to the decrease of the electrochemically active 
Mn ions and the occupancy of Mn on the Li sites which blocks the 8a-16c-8a pathway 
for lithium de/intercalate in the 4V region. But it is the decreased the amount of Mn3+, 
which induces Jahn-Teller effects, and more stabilized Ti-O bonds existing in the 
framework of the spinel structure after Ti-substitution that inhibits the structural 
changes and thus improves the cycling performance. 
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